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Colonel  A,  Schomburg,  Director  of  Research,  Development 
and  Dngineerlngt  Watertown  Arsei.al,  introduced  Colonel  B.  S.  Moslchf 
Commanding  Officer  of  Watertovm  Arsenal  and  Titanium  Coordinator 
for  the  Department  of  the  Army  who  opened  the  meeting.  Colonel 
Mesick  described  the  scope  of  the  overall  research  and  development 
program  on  titanium  and  indicated  tlie  grov/th  and  present  status  of 
titanim  production. 

Hr.  M«  M.  Jacobson  of  Watertown  Arsenal  Laboratory,  Technical 
Chairman,  outlined  the  agenda  of  the  meeting.  Mr.  Jacobson  stated 
that  among  the.  objectives  of  studies  of  surface  treatment  of  tita¬ 
nium  may  be  included:  the  development  of  hard,  wear-resistant  sur¬ 
faces;  the  overcoming  of  undesirable  galling  and  seizing  tendencies; 
the  facilitating  of  joining  operations;  the  development  of  oxida¬ 
tion-resistant  surfaces;  and,  the  development  of  better  lubricant- 
retaining  surfaces. 

1.  Carburizing  and  Induction  E*^.rdening. 

Mr.  Paul  D.  Frost  reviewed  the  Ordnance  Corps  contract 
studies  at  Eat  telle  Memorial  Institute  on  surface  hardening  of 
titanium  by  carburizing  and  induction  heating  techniques. 

It  was  indicated  that  the  mechanism  by  which  carburiza¬ 
tion  hardens  titanixim  differs  from  that  of  steel.  Carbon  has 
only  limited  solubility  in  the  high-temperature,  beta  phase  of 
titanium.  Therefore,  carburized  titanium,  unlike  carburized  steel, 
is  not  amenable  to  hardening  by  solution  treating  and  quenching. 
Carburized  titanium  is  hardened  by  the  formation  of  a  layer  of 
massive  TiC  on  the  surface. 

The  following  three  carburizing  methods  are  being  investi¬ 
gated: 

a.  Pack  carburizing  in  a  commercial  carburizing  compound, 

or  in  lasqpblack  with  an  argon  atmosphere. 

b.  Gas  carburizing  in  mixtures  of  propane  and  argon. 

o.  Liquid  carburizing  in  baths  consisting  largely  of 

sodium  cyanide. 


Tho  "beat  pack-carburizing  results  vtcrt  obtained  on  specimens 
treated  in  a  commercial  coi:5)ouiid  for  8  hours  at  1750®P.  A  case 
about  0,004  inch  deep,  having  a  hardness  of  950  Knoop,  v;as  formed. 
X-ray  diffraction  results  shov/  that  cases  formed  under  these  con¬ 
ditions  arc  not  massive  TiC  but  alpha  titanium  containing  dis¬ 
solved  carbon,  oxygen,  and  possibly  nitrogen, 

o 

Specimens  pack-carburized  in  lampblack,  vdth  oxygen  and 
nitrogen  excluded,  or  gas-carburized  in  propane-argon  mixtures, 
fortacd  cases  of  massive  TiC,  These  v/ere  hard  (1000-1270  ICnoop) 
but  less  adherent  and  more  brittle  than  the  cases  produced  by  the 
commercial  pack-carburizing  compound. 

Preliminary  experiments  on  liquid  carburizing  show  that 
the  surface  hardness  of  titanium  is  increased  by  holding  in  ITaCM’- 
base  baths  for  1-1/2  to  5  hours  at  1550®!**  Nature  of  the  cases 
has  not  been  established. 

Results  of  qualitative  abrasion  tests  have  indicated  that 
abrasion  resistance  of  ca'burized  titanium  is  considerably  better 
than  that  of  untreated  titanium,  <^ntltative  wear  tests  are 
being  initiated. 

Since  unalloyed  titanium  is  not  hardened  appreciably  by 
heat  treatment,  induction  hardening  tests  v;ill  be  restricted  to 
alloys  vrhich  contain  beta-stabilizing  elements  such  as  iron, 
manganese ,  chromium,  etc*  Alloys  of  this  type  are  susceptible  to 
coherency  hardening  after  cooling  rapidly  from  the  beta  field, 
AlthoxTgh  initial  experiiaente  v/ere  made  usings  frequency  of 
9600  cycles,  current  effort  is  being  aimed  at  improving  the  con¬ 
trol  over  the  geometry  of  the  heated  zone  through  use  of  higher 
frequencies  (200-500  kc)  and  alteration  of  coil  design, 

2*  Nitriding. 

A*  The  status  of  Ordnance  Cozps  studies  on  nitriding 
and  carbon! t riding  of  titanium  at  Sam  Tour  and  Co.,  Inc,,  were 
reported  by  Mr,  Sdmund  J,  Silk,  Mr,  Silk  described  the  apparatus 
which  was  designed  and  built  for  nitriding  of  titanium.  The  ap- 
paratxxs  consisted  of  a  resistance-wound  furnace  with  a  convenient 
observation  port.  The  ends  of  the  quartz  tube  were  cooled  with 
water  running  through  copper  colls.  The  temperature  within  the 
furnace  was  controlled  by  a  pyrometer*  Ammonia  or  nitrogen  was 
fed  into  the  furnace  through  a  dehydrator  and  through  a  flov;- 
meter.  The  dissoci'  tion  apparatus  was  hooked  into  the  line  after 
the  furnace  and  remained  in  the  line  except  when  actual  dissocia¬ 
tion  measurements  were  taken* 

Standard  runs  of  3t  und  64  hours  were  made  on  un¬ 
alloyed  H&-55  various  alloy  materials*  Temperatures  of  from 
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900-1700°?,  at  100°?  intervals  wore  used  v/ith  comercial  amwonia 
and  1300°?,  1500°?,  and  1800°?  v;ith  coaunercial  nitrogen. 

Spccinicns  were  placed  in  an  alunduai  "boat  in  the  cold 
end  of  the  furnace.  The  furnace  v-as  flushed  v/ith  the  gas  to  he 
used,  then  heated  up  and  allov/ed  to  stabilize,  after  v/hich  the 
specinens  were  moved  to  the  hot  zone.  After  the  treating  cycle 
the  specimens  v/ere  moved  bac?c  to  the  cool  end  of  the  furnace  and 
the  furnace  allov?ed  to  cool  with  the  gas  still  flov/ing.  The 
amount  of  azouonia  dissociation  did  not  appear  to  he  critical. 

Several  elides  were  shown  containing  data  on  v;eight 
change,  and  hardness  gradient  as  v/ell  as  illustrating  the  micro- 
structure  of  nitrided  cases  developed.  The  data  indicated  that 
RC-55  titanium  has  a  minimum  treating  temperature  of  1^}00°?,  with 
best  results  being  obtained  at  l600°?  for  a  treating  time  of  I6 
hours.  Sixty-four  hour  treatments  caused  a  loss  in  hardness  in 
RC-55*  For  one  ferrochromium  titanium  alloy  the  best  treatment 
was  1600°?  for  16  hours;  whereas  an  alloy  of  slightly  lov^er  ferro¬ 
chromium  content  showed  maximum  hardness  after  a  6^  hour  treatment 
at  1600°?.  (This  hardness  was  Vickers  IO98). 

Treatments  in  nitrogen  gave  somevdwt  different  results, 
RC-55  grade  showed  greatest  hardening  effect  vrhen  treated  at 
1800°?  for  3  hours;  one  of  the  ferrochromium  titanium  materials 
•  showed  greatest  h-  rdening  at  1800°?  for  16  hours. 

Case  depths,  although  relatively  shallov»,  were  highly 
adherent  and  apparently  continuous,  with  no  spalling  or  crack¬ 
ing  during  cutting  and  polishing.  Hardness  surveys  showed  con¬ 
siderable  hardening  extending  belovr  the  case.  Indications,  at 
present,  are  tliat  the  treatments  embrittle  the  core. 

It  was  indicated  that  alloying  elements  apparently  have 
a  definite  effect  upon  hardness,  case  thickness,  and  treating 
temperatures • 

B,  Mr.  William  H,  Duffy  reported  on  experiments  at 
Watertown  Arsenal  Laboratory  dealing  with  air- oxidation  of 
titanium  at  temperatures  of  1200-1700°?  and  amcionia  nitriding  in 
the  range  of  1300-1800°?. 

The  following  materials  were  used  in  oxidation  tests 
conducted  at  an  air  flow  of  500  ml,  per  minute:  commercial  un¬ 
alloyed  titanitua,  titanium  containing  0.785i>  c/  rbon,  4^  ferro¬ 
chromium  alloy,  7^  ferrochromium  alloy,  4^  alumln\im-4^  manganese 
alloy  and  Th  manganese  alloy.  The  oxidation  reaction  followed 
the  parabolic  law  prediction  in  all  cases,  vrith  the  4^  aluminum- 
^  manganese  titanium  alloy  shoving  the  lowest  oxidation  rate. 
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Bates  of  reaction  follovrcd  an  exponential  function  of  the 
tenperature;  in  the  temperature  range  tccted  straight  lino 
plots  v;erc  obtained  in  accordance  vdth  the  Arrhenius  reaction 
rate  cq,uation.  In  tests  conducted  up  to  l6  hours  duration 
appreciable  hard  layers  developed  only  at  1700°?,  although  at 
this  temporaturo  the  main  scale  spalled  badly.  Underneath 
the  spalled  scale,  hard  layers,  ,0025  inch  v:ere  noted  v;hich 
possessed  a  hardness  of  approximately  600-800  Knoop, 

During  ammonia  nitriding  runs  gas  flow  was  kept  con¬ 
stant  at  900  ml, /min.  Ammonia  dissociation  ranged  from  75^ 
at  I300OP  to  practically  lOOJo  at  1800°?,  Most  runs  v/cre  of 
48  hour  duration  although  some  vrere  made  for  24  and  72  hours, 
Knoop  hardness  meas\ircments  of  nitrided  cases  v;orc  made  in 
general  vdth  a  25  gram  load. 

All  specimens  were  smooth  on  removal  from  the  furnace 
and  had  a  golden  yellovf  color  vrhich  deepened  to  bronze  at  high¬ 
er  temperatures,  A  light  etching  case  v;as  observed  in  all 
instances;  the  case  varied  in  depth  from  0.0002  inch  on  75^ 
ferrochroraium  alloy  nitrided  at  1300®P  for  48  hours  to  ,0030 
inch  on  unalloyed  titanium  and  4^  aliuninum-45i  manganese  v:hcn 
nitrided  at  1800®?  for  48  hours.  The  hard  cases  v;ere  very  ad¬ 
herent,  The  highest  hardness  value  (1908  Knoop)  v:as  noted  vdth 
45^  aluminum-4^  manganese  alloy  nitrided  for  24  hours  at  1600®P, 

In  nitriding  tests  of  unalloyed  titanium  specimens 
that  v;erc  previously  subjected  to  anodizing  treatment  (e,  g,  in 
0,25^  fluoboric  acid  solution),  it  has  been  possible  to  develop 
consider. vbly  thicker  cases  than  those  obtained  on  un-anodized 
specimens  nitrided  under  the  same  conditions.  The  thicker  case 
is  believed  to  comprise  a  solid  solution  of  titanium  nitride 
and  titanium  oxide. 

In  order  to  determine  the  affect  of  nitriding  on  the 
physical  properties  of  titanium,  7-notch  impact  specimens  of 
unalloyed  titanium  and  ferrochromimn  titanium  alloy  v;ere  sub¬ 
jected  to  commorcial  nltrlding  conditions  at  965^?  for  48  hours 
(No  measurable  hard  case  vas  developed  at  this  low  temperature) 
j^gassing  was  not  employed  after  processing.  The  decrease  in 
impact  energy  at  room  tenq;>erature  as  a  result  of  nitriding  is 
shown  in  the  tabulation  below: 


Unalloyed  titanitun  20,8  12,5 
4$6  ferrochrome  alloy  11,8  8,3 
7^  ferrochrome  alley  18,1  3*1 


Mr*  SoQ  Tour  of  Sam  Tour  and  Co*i  Inc*»  in  discussion 
pointed  out  the  need  for  reporting  hardnesses  of  cases  in  a 
consistent  manner*  Ee  suggested  that  Viclrers  hardness  at  100 
grams  load  be  reported  in  the  future*  together  vith  iOioop  measure¬ 
ments,  if  desired* 

3*  Surface  Hardening  with  Metalloid  Elements. 

Hr.  Elchard  V*  Hanzel  of  Ai^our  Heccarch  Foundation 
presented  a  stimmary  of  surface  hardening  studies,  under  Ordnance 
Corps  sponsorship,  involving  the  metalloid  elements  oxygen, 
nitrogen,  carbon,  boron,  and  hydrogen*  Treatment  to  date  has 
consisted  primarily  of  heating  commercial  unalloyed  titanium 
in  air,  solid  carbon,  propane,  nitrogen,  and  molten  borax* 

Titanium-base  binary  alloys  of  1,  3»  5  atomic 

percentages  of  7,  Zr,  Cr,  C,  B,  and  A1  have  been  prepared* 
Treatment  of  these  alloys,  as  veil  as  several  commercial  alloys, 
has  been  carried  out  only  in  nitrogen. 

The  heating  of  commercially-pure  titanium  in  air  and 
commercial  carburizing  compound  is  believed  to  result,  essentially 
in  oxygen  absorption.  Considerable  hardening  vas  achieved  in 
both  treatments,  but  it  vas  accompanied  by  extensive  scaling 
and  embrittlement*  Specimens  treated  in  carburizing  compound 
at  temperatures  between  1600  F  and  2C00  F  for  both  6  and  l6 
hours  crumbled  when  subjected  to  the  slightest  pressures.  How¬ 
ever,  a  few  preliminary  runs  in  dry  air  (dew  point  -65  C)  seemed 
to  reduce  scaling  considerably* 

Commercially  pure  titanium  specimens  packed  in  degassed 
powdered  graphite  under  vacuum  aiid  treated  at  1C  10  F  to  2000  F 
showed  moderate  hardening,  but  surface  conditions  and  brittle¬ 
ness  above  l400  F  prevented  satisfactory  evalup.tion. 

Specimens  were  also  treated  in  propane  gas,  but  only 
at  2000  F,  since  at  lower  temperatures,  decomposition  products 
were  considered  undesirable*  At  2000  F,  the  breakdown  of  propane 
is  essentially  into  carbon  and  hydrogen*  At  2000  F,  considerable 
"sootlrig"  was  encountered  which  blocked  gas  flow  and  consequently 
limited  the  time  to  relatively  short  periods*  A  heavy,  loosely 
adhering,  carbon  layer  resulted*  Further  investigation  is  planned 
using  hydrogen,  helium,  and  nitrogen  as  individual  diluents  for 
the  propane.  It  is  believed  that  this  will  eliminate  the  sooting 
and  formation  of  undesirable  surface  dryers* 
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Tho  electrolytic  trcat.”cat  of  titanioia  in  molten  borax 
is  still  in  its  early  stages.  Kov'ever,  prelininnry  results  ccea 
i;o  indicate  tliat-  tho  process  my  have  pronico.  Several  sped- 
mens  exhibited  surface  hardness  "bet’. -sen  I300  and  1500  Viclccro. 

Tie  treatment  of  conmerc.. ally-pure  titanium  and  its 
alloys  in  a  purified  tank  nitrogen  atmosphere  seems  to  be  tho 
most  promising  at  this  tine*  Hardening  is  evident  at  tompora- 
turcs  of  1^0  P  and  above*  The  hardness  and  depth  of  penotra- 
tion  increases  id.th  the  time  and  temperature  of  treatment,  A 
distinct,  light  etching  band  on  the  outer  edges  of  tho  specimen 
is  evident  after  treatment  above  lA'OO  P,  This  band  alcoiin- 
preases  in  thickness  with  time  and  temperature*  The  band  appears 
to  be  adherent  and  dense*  A  slight  brittleness  is  evident  on 
the  surface  at  1800  P*  This  brittleness  increases  vrith  tempera¬ 
ture* 

Specimens  treated  at  I6OO  P  for  I6  hours  appoar  to  have 
promising  surface  cjnracteristicc.  The  surface  hardness  of  the 
material  varies  bctv;cen  750  and  850  Vickers,  An  intensive  study 
of  the  effect  of  time  and  surface  condition  in  the  1500-17OO  P 
temperature  range  is  being  initiated* 

I 

A  series  of  titaniun-basc  biriary  alloys  is  under  con¬ 
sideration,  Some  of  these  alloys  \dll  stabilize  the  beta  phase 
at  lower  temperatures.  This  will  malce  surface  impregnation 
with  the  metalloids  possible  at  these  lov^sr  temperatures  where 
less  grain  growth  is  encountered,  Tlae  effect  of  this  grain 
C’.'owth  on  the  mechanical  properties  is  not  Icnovm,  as  yet;  hoxv-- 
Gver,  it  is  reasonable  to  expect  it  to  reduce  the  ductility  of 
the  core*  A  few  of  the  alloys  may  induce  a  dispersion  hardening* 

Specimens  are  being  prepared  for  evaluation  of  qualita¬ 
tive  friction  characteristics  of  the  surfaces  produced  in  the 
afore-mentioned  8t\idie8* 

4*  Siliconizing, 

A  discussion  of  the  research  under  Ordnance  Corps  con¬ 
tract  at  Pansteel  Metallurgical  Corporation  on  development  of 
oxidation  resistant  coatings  on  titanium  by  siliconizing  was 
presented  by  Dr*  L*  P.  Yntema* 

The  first  part  of  this  study  had  as  its  objective  the 
determination  of  oxidation  rates  of  titanium-silicon  compositos 
having  various  ratios  of  components*  Mixtures  of  the  two  powders 
wore  heated  in  hydrogen  at  1350  C*  The  products,  hard  brittle 
masses  with  metallic  luster,  were  oruehed  and  ball  milled*  The 
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powders  wero  than  pressed  cold  into  pellets  1“  in  diameter  and 
0,1”  thick  and  suhscqueatly  sintered  in  hydrogen  at  1^'-50°C  for 
30-60  minutes. 

Compacts  with  nominal  compositions  TiSi,  2iSi2,  Ti2Sl3 
and  Ti2Si  were  investigated,  The  last,  Ti2Si,  could  not  ho 
elaterod  below  1500®C,  and  it  was  not  investigated  further. 

In  heating  tests  in  stagnant  air  at  lOOO^C,  the  composi¬ 
tion  TiSi2  showed  the  least  percentage  v;eight  change  and  the 
least  percentage  volume  change.  Compacts  of  the  compositions 
TiSi  and  Ti2Si3  developed  gloGcy*  layers  that  spalled  off,  v;hilh 
the  TiSl2  contact  shov/ed  no  significant  change  encept  a  slight 
loss  in  color. 


Z-ray  e:camination  of  the  compacts  gave 
information: 

Pliases  after 

Nominal  Povrder  Composition  Firing  at  975  C, 


TiSi2  (^6/0  titanium) 
Ti2Si3  (5^/i  titanium) 
TiSi  X63r»  titanium) 
Ii2Sl  (?7fi  titanium) 


?iSi2,  Ti,  Si 
TiSi2»  eta  phase 
TiSi2>  eta  phase 
2x5813 


the  following 

Phases  after 
Firing  at  1200  C 

2iSi2 

TiSi2,  eta  phase 
TiSi2»  eta  phase 
215813 


The  eta  phase  was  not  identified;  it  may  he  TiSi,  These 
data  Indicate  the  prohahly  usefulness  of  a  coating  of  the  composi¬ 
tion  TiSl2. 


The  formation  of  a  titanium  silicide  coating  can  he 
accomplished  hy  heating  or  sintering  silicon  pov/dor  spread  over 
a  titanium  surface, 

A  suspension  of  silicon  povrder  (4,5  microns  average 
particle  slzo)  in  a  solution  of  Glyptal  in  acetone  and  diacetone 
alcohol  painted  on  the  test  pieces.  The  reaction  hetv/ecn 
the  titanium  base  was  carried  out  hy  heating  in  a  protective 
atmosphere  of  purified  hydrogen  or  helium.  The  treatment  con¬ 
sisted  in  heating  at  350  C  to  drive  off  the  hinder  and  traces 
of  solvent,  and  then  at  1300  C,  The  coatings  were  0,002”  thick; 
smooth,  and  dark  gray  in  color. 

CoB^ositions  of  the  coatings  have  not  been  thoroughly 
investigated.  Micro-examination  of  the  "as-ooated”  structure  la> 
dicates  the  presence  of  three  phases  of  which  the  outer  has  been 
identified  in  the  outer  layer. 


7 


The  hect  oxidation  resistance  reported  v;as  ZCO  hours 
at  1000  C,  Failure  seems  to  he  caused  by  “pin  holes”  in  the 
coating  and  loss  of  silicon  by  diffusion  into  the  body  of  the 
titanium, 

5«  Vanor  Penosited  Coatir^^s. 

Mr,  Sam  Tour  of  Sam  Tour  and  Company,  Inc,,  reported 
on  the  Ordnance  Corps  v;ork  his  company  is  doins  on  development 
of  techniques  for  applying  adherent  vapor  deposited  metallic 
coatings  on  titanium. 

A  literature  survey  gave  very  little  inforiration  on 
titanium  as  a  substrate  for  vapor  coatings.  Literature  on 
the  vapor  deposition  of  various  metals  on  other  metals  indicated, 
hov/ever,  that  the  metal  carbonyls  v;ere  quite  promising  for  this 
type  of  v/ork. 

Molybdenum  carbonyl  vas  chosen  for  the  original  tests 
for  the  following  reasons: 

a.  The  previous  success  of  the  metal  carbonyls, 

b.  The  availability  of  molybdenum  carbonyl, 

c.  The  low  plating  and  decomposition  temperatures  of 

molybdenum  carbonyl, 

d.  The  desirability  of  vacuvun  processing. 

The  apparatus  consisted  essentially  of  a  supply  of 
carbonyl,  a  temperature-controlled  oil  bath  to  keep  the  car¬ 
bonyl  at  the  proper  temperature,  a  hydrogen  supply,  a  contvol 
for  the  hydrogen  supply,  a  plating  chamber  which  v;as  essentially 
a  quartz  tube,  a  source  of  high  frequency  induction  heat,  a 
suitable  pyrometer  controller,  a  vacuum  pump  and  a  vacuum  gauge, 

a:perimental  work  vas  carried  out  with  small  samples, 
usually  l/2”  cubes,  of  RC-I3OA  titanium  alloy.  Samples  wore 
machined  on  all  surfaces  and  were  carefully  cleaned,  chemically, 
prior  to  actual  test. 

Resistance  heating  of  the  qiiartz  plating  chamber  proved 
completely  unsatisfactory,  resulting  in  coating  of  the  tube  it¬ 
self,  formation  of  heavy  soot  deposits  and  little  or  no  plating 
on  the  titanium.  To  overcome  this,  induction  coils  vrore  sub¬ 
stituted  for  the  resistance  furnace.  This  procedure  gave  a  hot 
car.:plo  with  a  relatively  cool  tube  and  vras  employed  on  all  sub¬ 
sequent  runs. 
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Uniform  and  adherent  deposits  were  obtained  in  3  to 
6  hours  in  the  tenporaturo  range  of  930-1130°P. »  v/ith  carbonyl 
pressures  of  about  0.1  min.  and  hydrogen  pressures  of  about 
0.2  min.  of  mercury. 


Slides  were  shown  illustrating  the  RC-I3OA  titanium 
material  as  received  and  after  molybdenum  plating. 

The  studies  to  date  with  the  carbonyls  hare  shovm  that 
it  is  possible  to  plate  out  an  adherent  and  apparently  continuous 
molybdenum  film  on  titanitin  alloys.  Plate  characteristics  vary 
with  the  processing  conditions*  ITo  attempt  has  been  made,  as  yet, 
to  determine  the  structures  and  composition  of  the  plate  as  re¬ 
ceived. 

6.  Ohemicq.!,  iSiirfp  '".e -T.r.caAmRrt.,.. 

The  Ordnance  Corps  contract  studies  on  chemical  surface 
treatment  of  titanivim  was  summarized  by  Dr,  Paul  D,  Miller. 


A  broad  survey  was  made  cf  the  chemical  and  electro¬ 
chemical  action  of  various  solutions  on  titanium.  Principal 
emphasis  imis  placed  on  the  production  of  oxide  coatings;  but 
some  attempt  was  also  made  to  produce  phosphate  and  sulfide 
films.  Over  I50  different  baths  have  been  tested,  several  of 
whicl;L  were  fo\ind  to  produce  coatings  with  outstanding  properties. 

*  t 

In  general,  the  coatings  obtained  by  chemical  action, 
when  titanium  was  immersed  in  the  appropriate  solutions,  v;ero 
limited  to  thin  colored  films.  Hoxirever,  the  following  composi¬ 
tion  furnished  Immersion  coatings  of  measurable  thickness  and 
potential  value : 


KP  42  grams  per  liter 
Ka2P0jij^*12H20  80  grams  per  liter 


Considerable  attention  has  been  given  to  electrochemical 
methods  for  treating  titanium  anodically  because  thicker  and  more 
durable  coatings  appeared  to  be  produced  in  this  manner.  Both 
acid  and  alkaline  solutions  can  be  used,  as  is  shown  by  several 
bath  cos^ositions  indicated  below: 


BATH  COMPOSITION 

Worn 


(a) 

MaOH 

95®Cj 

(b) 

5^  Na202 

NaH2P04*H20 

45®0; 

(c) 

5^  NaA102 

Vj»  NaH2POifH20 

90°Cj 

(d> 

0.25^  HBF4 

25®C: 

(e) 

5$  HCOOH 

35*0; 

OPERATING  CONDITIONS 
30  volts; 7-70  asf;  30 
40  volts; 50  asf;  5  minutes 

30-105  volts; 50  asf;  10  min. 

110  volts;  10  asf;  30  min. 
100  volts;  10  asf;  30  min. 
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Ag  v;ould  1)0  crqjccted  nany  different  ti'peo  of  coatings 
were  produced.  Deposits  '^.ried  from  v'hitc  to  gray  in  colcri 
and  from  coarse,  non-adhoreat  crystalline  to  fine-grained  ad¬ 
herent  layers. 

Adherence  and  thickness  v;crc  studied  "by  enanining 
under  a  lov;  pov/er  nicroscopo  and  scratching  vdth  a  steel  probe* 

Indication  of  contin\iity  and  durability  of  the  coat¬ 
ing  Tvas  obtained  by  measuring  the  d,c,  brealcdov-u  voltage. 

After  it  was  shovm  that  a  coating  warranted  further 
testing,  methods  for  evaluating  v;ear  and  anti-seizing  properties 
were  investigated. 

Favorable  results  were  obtained  on  the  Tabor  A-brasor, 
More  severe  tests  wore  then  made  using  methods  vhich  involved 
pressures  nearer  those  required  in  practical  drawing  and  form¬ 
ing  operations.  One  apparatus,  using  loads  of  l40,000  psi 
chov;ed  that  anodized  surfaces  withstood  gc-lling  for  up  to  250 
strokes,  while  bare  titanium  galled  on  the  first  stroke.  In  a 
similar  manner,  v/irc-drawing  tests  indicated  that  anodized  v/irp 
could  be  given  up  to  7  consecutive  reductions,  while  bare  wore 
.seized  at  the  first  reduction.  In  both  of  these  tests,  it  v;as 
necessary  to  employ  oil  or  other  lubricant  along  with  the  anodic 
coating. 


Improved  paint  adhesion  on  anodically  treated  titanium 
surfaces  was  also  reported* 

?•  Flectronlatlng  on  Titanium, 

A*  Dr,  H.  T,  Francis  and  Dr,  M,  Feinleib  of  Armour  Re¬ 
search  Foundation  described  Ordnance  Corps  sponsored  research 
pertaining  to  electroplating  on  titanium. 

The  difficulty  in  plating  on  titanium  lies  in  the 
fact  that  titanium  is  a  very  active  metal,  which  is  normally 
coated  with  a  tightly  adherent  scale*  Most  media  powerful 
enought  to  dissolve  the  oxide  will  react  violently  v/ith  the 
metal  once  the  oxide  has  been  removed* 

The  first  methods  of  attack  follovred  the  pattern 
used  for  preparing  steels  or  magnesium  for  plating,  involving 
ordinary  pickles,  nickel  pickles,  and  immersion  coatings*  None 
of  these  methods  yielded  adherent  plates  and  it  was  apparent 
that  more  drastic  means  were  necessary* 
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A  zinc  strike  in  an  essentially  non-aq^ucous  "bath 
containing  H?  v;ao  the  first  successful  method  to  produce  ad¬ 
herent  electrodeposits  on  titanium.  Ethylene  glycol  v/as  the 
best  organic  solvent  found*  A  t;/pical  hath  forulation  comprised 
lOJo  H?,  35^  H2O  0,5J»  2aCl2.  and  66,5^  ethylene  glycol* 

Good  adherence  was  obtained  with  copper  electro- 
deposits  (over  a  zinc  strike)  in  thicknesses  of  copper  up  to 
0*0005  inch.  The  adherence  of  heavier  deposits  has  not  come 
up  to  that  of  the  usiial  electroplates*  Adherence  is  evaluated 
hy  scraping  with  a  laiife,  bending  and  flexing  of  flat  specimens 
and  breaking  soldered  joints  made  ^o  the  copper  plate. 

The  mechanism  of  the  zinc  strike  has  not  been 
clearly  understood*  Underneath  an  adherent  zinc  coating,  an 
adherent,  composite  black  film  is  formed,  and  the  presence  of 
this  black  film  seems  to  be  necessary  for  good  bonding* 

Current  density  and  time  of  strike  m\!st  be  controlled 
within  limits  to  obtain  adherent  deposits*  .  "commercially  pure 
titanium"  from  different  sources  bclmves  differently  in  the  stiiZke* 

Some  degree  of  adherence  was  obtained  on  titanium 
treated  in  a  zinc  imraersion-nlating  solution  containing  fluoride* 

,  Here  again,  adherence  seems  to  depend  upon  the  formation  of  a 
black  film  under  the  zinc  immersion  plate* 

Initial  experiments  on  anodic  treatments  in  an 
ethylene  glycol-HF  bath  have  yielded  excellent  adherence  v;hich 
may  have  been  attilbutable  to  a  roughening  of  the  metal  surface* 
Under  conditions  Cvonducive  to  electropolishing,  adherence  was 
very  poor. 


Mr*  W*  C*  Troy  of  Armour  Research  Foundation  during 
discussion  suggested  the  possibility  of  electroplating  titanium 
with  copper  as  a  means  of  preventing  access  of  oxygen  and  hydrogen 
but  not  nitrogen  during  nitriding  treatments* 

B*  Mr,  C*  Levy  discussed  the  efforts  being  made  at 
Uatertown  Arsenal  Laboratory  to  electrodeposit  chromium  directly 
on  titanium*  On  sheet  or  forged  titanium  material,  fair  to  good 
adherent  chromium  deposits  have  been  achieved  only  in  the  case  cf 
mechanically  roxighened  surfaces*  None  of  the  usual  methods  of 
preparing  steel,  stainless  steel  or  other  passive  metals  offered 
promise* 

Non-adherent  deposits  also  resulted  from  pre-treatments 
Involving  acid  pickling,  EF,  or  mixtures  of  HF  and  NHO^,  containing 
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curfuco  acoivo  agents.  A  troataent  for  activating  the  surface 
of  bcryliun  prior  to  plating*  ivhich  involved  a  phosphoric  acid 
otch,  proved  unsatisfactory  for  titanium*  Use  of  super¬ 
imposed  AC  current  on  CC  current;  and  attempts  to  plate  on 
anodized  titanium  surfaces  also  proved  nogativo*  Kon-adhorent 
dopositc  v.-erc  also  obtained  from  chromium  baths  containing 
fluocilicic  acid  operated  at  a  range  of  temperatures  and  current 
densities.  Hov.'cvcr,  T.hcn  titanium  is  mechanically  roughened 
to  produce  a  surface  roughness  of  approximately  75  micro-inches, 
(achieved  by  sand-blasting  vdth  80  grit  silica  sand  at  90  psi)* 
xmiforn  good  appearing  chromium  deposits  are  obtainable  from 
conventional  chromium  baths*  In  thicloiesses  up  to  .001“  such 
deposits  show  satisfactory  adherence  in  tension  under  bend  tost 
conditions* 

Chromium  has  been  readily  applied  to  a  crystalline  frac¬ 
tured  surface  of  an  iron-chromium  titanium  alloy  possessing  ex¬ 
ceptionally  large  grain  size*  Hicro- examination  of  the  chromium 
coating  at  smooth  crystal  faces  of  this  titanium  surface  revealed 
excellent  bonding*  Crystal  orientation  and  stato  of  stress  at 
titanixna  surfaces  are  undoubtedly  important  factors  governing 
adhesion  of  electrodeposits  to  titanium  and  ;7arrant  further  study* 

8*  7{oer  and  Friction  Studies* 


Dr*  E*  Rabinowicz  reported  on  wear  and  friction  studies 
on  titanium  being  sponsored  by  Navy  Bureau  of  Aeronautics  at 
Massachusetts  Institute  of  Technology* 

Dr*  Rabinowicz  discussed  consideration  of  low  shear 
strength  versus  hard  layers  as  factors  influencing  friction  and 
also  reviev/ed  the  classioal  definitions  of  friction  involving 
the  following  relationshopsi 

^  ■  F/tf  F«  A*Sj  L»A*P 

wh6re/a«coefficiont  of  friction 
F«force  necessary  to  over¬ 
come  friction 

Lolood  pressing  the  surfaces 
together 

A-area  of  real  contact 
S»shear  strength  of  softer 
material 

P»Yield  strength  of  softer 
material* 
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The  cscontic-l  coiaponcntc  of  the  l!aseachuccttc 
Institute  of  Technology  test  apparatus  consisted  of  a  flat 
rotating  or  reciprocating  specimen  acting  against  a  ball  or 
hemisphere  bearing  apcciccn*  It  was  pointed  out  in  accordance 
>vith  tho  relationships  indicated  above  that  the  area  of  real 
contact,  for  c.uy  given  load  was  alYmiys  such  that  tho  xmit 
pressure  remained  constant*  That  is,  provided  the  clastic 
limit  of  tho  softer  material  v/as  not  exceeded,  tho  unit 
pressure  exerted  v/as  equivalent  to  the  yeild  strength  of 
the  softer  laatcriol* 

With  no  lubricant,  a  coefficient  of  friction  of  0*45 
vras  reported  for  clean  titanium  against  titanium,  tuider  load 
conditions  of  S0>1000  grams*  Lubricants  were  ineffective  in 
lov/cring  friction*  Hov;evor,  titanium  in  combination  v/ith  a 
dissimilar  metal  resulted  in  very  high  friction  values* 

A  coefficient  of  friction  of  0.08  v/as  observed  on 
titanium  surfacos  vhich  had  been  nitrided.  It  v/as  indicatod 
that  surface  treatment  of  titanium  affords  reduced  values  of 
friction  provided  the  coating  or  skin  does  not  become  ruptured* 

PUrther  work  is  planned  involving  tho  effect  of 
lubricants*  Radio-tracer  techniques  will  also  be  employed  in 
future  experiments* 

B*  Dr*  W.  C.  Leone  reviewed  the  Ordnanco  Corps  studios 
at  Carnegie  Ir*stituto  of  Technology  on  galling  and  seizing 
characteristics  of  titanixim*  The  v/ork  involves  investigation 
of  the  load  and  speed  conditions  for  galling  and  seizing,  and 
friction  studies  of  titanium  materials  with  and  vdthout  lubri¬ 
cation* 

A  literature  survey  revealed  that  Important  factors 
in  friction  and  seizing  of  metals  rubbed  together  includod: 
real  area  of  contact,  normal  load,  speed,  roughness,  adhesion, 
absorbed  films,  and  temperature* 

In  this  study,  it  was  planned  to  malce  initial  observa¬ 
tions  of  galling  of  dry  titanium  material  undor  conditions  of 
Varying  load  and  speed*  A  measure  of  coefficient  of  friction 
XTas  also  desired,  and  since  available  commercial  testing 
machines  wore  not  adequate,  effort  was  directed  toward  adapt¬ 
ing  an  existing  machine  for  the  measurement  of  friction  forces 
between  specimens  at  various  pressures  and  speeds*  Details  of 
the  design  of  the  test  apparatus  were  described* 


_ ci*u<!c  iioi^ts  V7c:*c  r;c.'JG  v.l-th  r,  rij^  ct.  a  Is-tho 

to  dotcrMin-;  lca.d2  r.j'.d  speeds  c-t  which  r^ailinr;  cocurrcci  so 
CO  to  ruiMisIi  a  liasis;  Tor  detorriiaS n;;  tho  over  v.'hich 

ir.oro  cj:tousivc  :aoacurci.icr*ts  met  bo  mclo.  The  *coct  cot-up 
provided  a  ucauc  Tor  i-ubbiiif;  a  titaniiL';i  rod  on  the  curfaco 
of  a  rotatin;^  titaniura  piato# 


Tho  first  noticeable  chc-nf;e  wtia  tho  aonearanco  of  a 
chiny  path  alon;.;  the  rubbin^j  circle  on  the  piato#  At  first 
tiiQ  path  hv.P  no  dept);;  but  as  ruboinf^;  continued,  ccoccially 
vdth  incrcaoinf^  loi^d,  .he  path  vridoaod  and  dccjcnod  into  a 
groove*  r-ir.ully,  the  groo'.  o  beccr*a  badly  torn  tuid  shewed 
traces  of  pov.'dcrcd  ;u:tal*  i  ost  of  theso  iictal  powders  v/oro 


traceable  to  tu;  plate  itr-tcrial*  SoLietinos  particles  of 
rod  iratcrial  adhered  loosely  to  tlie  plate,  dependin,*;  upon 
the  type  of  rod  iiatcrial  cnploycd* 


Tho  inii.ial  tests  also  revealed  uiat  rou-.lvnecs  of 
either  rubbing  surface  had  a  pronounced  offset  on  galling* 
li'  galling  started  on  one  surface,  tho  Jiiating  surface  tended 
to  gall  vatliin  a  s)tort  tliiio* 
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iiKtcnsivo  quontit^tivo  friction  .ueasurenents  arc 
planned,  using  various  co;<rercial  titoniun  matorials,  both 
v/itli  ana  xri’bhout  scocial  surface  troat:;tcnts« 
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